We investigated lectin binding patterns on tissue specimens of normal and metaplastic gastric surface mucosae, gastric adenomas, and intestinal and diffuse-type gastric Carcinomas.
Introduction
Lectins have a high affinity and a narrow range of specificity for defined sugar residues, and some lectins recognize blood antigens, e.g., DBA recognizes blood type A (3), and UEA-1 blood type H(0) (lOJ4). Gastric mucin consists of glycoconjugates containing various amounts of different carbohydrate moieties. Malignant tumors often show aberrant glycosylation of glycoconjugates (2,12). There are some reports on the lectin binding pattem of gastric mucosae and carcinomas (1,4-7,9,13), but those reports were not based on a large number of cases of normal, metaplastic, and neoplastic gastric mucosae. In an attempt to compare the pathogenesis of different types of gastric cancers, we investigated the lectin binding patterns in gastric surface mucosa and tumors to determine whether or not there is a characteristic binding pattern in malignant gastric tumors, whether there is a characteristically different pattern between intestinal carcinomas (adenocarcinomas) and diffuse-type To whom correspondence should be addressed.
groups. For DBA, normal gastric surface mucosa showed a significant difference between the blood type B, 0 group and the A, AB group. Normal gastric mucosa of the blood type A, AB group was frequently positive for DBA binding in the cytoplasm and at the luminal surface. Metaplastic mucosa did not show a significant difference between the blood groups. Intestinal and diffuse-type carcinomas and adenomas also did not show a difference between the blood groups. DBA binding in the cytoplasm of intestinal carcinomas and adenomas was more frequently positive than that of normal and metaplastic mucosae, except for normal gastric mucosa of the blood type A,AB group. carcinomas (signet-ring cell carcinomas and mucous carcinomas), and whether or not there is a different binding pattern between metaplastic and normal gastric surface mucosae. Especially with the lectins recognizing blood type A or H(0) antigen, we analyzed the lectin binding pattern between the blood type A, AB group and the B, 0 group for DBA, and between groups 0 and A, AB, B for UEA-1.
Materials and Methods
Tissues. Normal gastric mucosa (NM, 132 cases), metaplastic gastric mucosa (MM, 130 cases), intestinal carcinomas (ITC, 124 cases), diffusetype carcinomas (DK, 46 cases), and adenomas (ADN, 35 cases) were collected from the surgical specimens of our department. Histological typing of carcinomas was performed according to Lauren's classification (8); we classified mucosae as metaplastic when goblet cells and a striated border at the cell surface were present. AB0 Blood Group Typing. AB0 blood group typing was obtained from the patients' clinical records, but the secretor status was not determined.
Lectins. The biotinylated lectins concanavalin A (ConA), wheat germ agglutinin (WGA), peanut agglutinin (PNA), Ulex europaeus agglutinin Visualization of Lectin Binding Sites. Formalin-fixed. paraffin-embedded tissue blocks were cut into thin sections (4 pm). After deparaffinizarion, intrinsic peroxidase activity was blocked with 0.3% HzOI-merhano1 (1:4 v/v) for 30 min at room temperature, Afrer washing with PBS. sections were immersed in 0.1% avidin D solution in PBS for 30 min at room remperarure. After washing with PBS. sections were immersed in 0.01% biotin solution in PBS for 30 min at room temperature. Afrer washing with PBS. sections were immersed in 0.1% BSA for 15 min at room temperature and then in lectin solution for 12 hr at 4'C. After washing with PBS. sections were immersed in ABC solution for 30 min at room temperature. Afrer washing with PBS. sections were immersed in H202-DAB (3.3'-diaminobenzidine) solurion for 5 min at room temperature to visualize the lectin binding sites, counterstained with hemaroxvlin, and mounted. 
Results

ConA Binding Pattern
There were significant differences between normal and metaplastic gastric surface mucosae both in the cytoplasm and at the luminal surface. In the cytoplasm, normal gastric mucosa was 6% positive and metaplastic mucosa was 87% positive. At the luminal surface, normal mucosa was 56% positive and metaplastic mucosa was 18% positive. In the cytoplasm, ITC. DTC, and ADN were significantly more frequently positive than normal mucosa, and ITC and ADN were as frequently positive as metaplastic mucosa (95-96% positive). At the luminal surface, ITC was significantly different from ADN. ITC was 5 5 % positive, while ADN was 77% positive. The cytoplasm of ITC was significantly more frequently positive than that of DTC. ITC was 97% positive, while DTC was 49% positive (Table 1; Figure 1 ).
WGA Binding Pattern
There was a significant difference between normal and metaplastic mucosae in the cytoplasm but not at the luminal surfaces. In the cytoplasm, metaplastic mucosa (85% positive) was less frequently positive compared with normal mucosa (95% positive). In the cytoplasm, DTC and ADN were frequently positive (88-93% positive) and showed no difference compared with normal and metaplastic mucosae, but ITC was significantly less frequently positive (75%) than normal mucosa, metaplastic mucosa, DTC, and ADN (Table 1; Figure 2) .
PNA Binding Pattern
There were significant differences between normal and metaplastic mucosae both in the cytoplasm and at the luminal surface. Normal mucosa was 79% positive in the cytoplasm and at the luminal surface, whereas metaplastic mucosa was about 2 5 % positive in the cytoplasm and at the luminal surface. Compared with metaplastic mucosae, ITC, DTC, and ADN were significantly more frequently positive in the cytoplasm and at the luminal surface. Among ITC, My: and ADN there were no significant differences. However, ITC was less frequently positive than DTC (Table 1; Figure 3) . 
UEA-1 Binding Pattern
Normal mucosa showed no significant differences between the blood type A, AB, B group and the 0 group (90-98% positive in the cytoplasm and at the luminal surface). Metaplastic mucosa showed significant differences between the blood type A, AB, B group and the 0 group both in the cytoplasm and at the luminal surface. In the cytoplasm, metaplastic mucosa of the blood type A, AB, and B group was 57% positive, whereas that of the blood type 0 group was 74% positive. Compared with normal mucosa. metaplastic mucosa was significantly less frequently positive in the cytoplasm and at the luminal surface. ITC, DTC, and ADN showed no significant differences between the blood type A. AB, B group and the 0 group. In the cytoplasm, ITC and A D N were as frequently positive as metaplastic mucosa (52-77%), but DTC was 82-85% positive, and this percentage is closer to normal mucosa than to metaplastic mucosa. There was no significant difference between ITC and ADN in the cytoplasm (52-77% positive). At the luminal surface, however, there was a significant difference between them. ADNwas 90-1OO0h positive, while ITC was 53-66% positive. Compared with DTC, ITC was significantly less frequently positive in the blood type A, AB, B group, and less frequently positive in the blood type 0 group (Table 2; Figure 4) .
DBA Binding Pattern
Normal mucosa showed significant differences in the cytoplasm and at the luminal surface between the blood type B, 0 group and the A, AB group. The mucosa of the blood type B, 0 group was 36% positive in the cytoplasm and 22% positive at the luminal surface, whereas the mucosa of the blood type A, AB group was 91% positive in the cytoplasm and 86% positive at the luminal surface. Metaplastic mucosa did not show any difference between the blood type B, 0 group and the A, AB group (25-37% positive) in the cytoplasm and at the luminal surface. In the blood type A and AB group, normal mucosa was more frequently positive than metaplastic mucosa, but in the blood type B and 0 group there was no significant difference between them. ITC and ADN did not show a sig- nificant difference in the cytoplasm and at the luminal surface between the blood type B, 0 group and the A, AB group. Compared with normal and metaplastic mucosae, except for normal mucosa of the blood type A and AB group, ITC and ADN were significantly more frequently positive. In the cytoplasm, ITC did not show a difference between the blood type B, 0 group and the A, AB group (49-5OVo positive), and DTC also did not show such a difference. In the cytoplasm, DTC was less frequently positive than ITC, and in the blood type B and 0 group there was a significant difference (Table 3; Figure 5 ) .
Discussion
Between normal and metaplastic gastric surface mucosae, there were notable differences. Compared with normal mucosa, metaplastic mucosa showed an increase in ConA binding and decreases in WGA, PNA. UEA-1, and DBA binding in the cytoplasm, and decreases in ConA, PNA, and UEA-1 binding at the luminal surface. Other investigators have reported the decrease of ConA, WGA, UEA-1, and PNA binding in metaplastic mucosa (1). Intestinal carcinomas and adenomas also showed an increase of ConA binding in the cytoplasm and decreases of WGA, PNA and UEA-1 binding in the cytoplasm similar to those of metaplastic mucosa. However, diffusetype carcinomas did not show such changes. For WGA and UEA-1 binding, diffuse-type carcinomas were as frequently positive as normal mucosa. When compared with DTC, ITC showed a significant increase in ConA binding and decreases in WGA and PNA binding in the cytoplasm. These findings suggest that intestinal carcinomas and adenomas may have a closer relationship to metaplastic change, or may develop in the course of metaplastic change of normal mucosa, and that diffuse-type carcinomas may develop unaccompanied by metaplastic change of normal mucosa, i.e., diffusetype carcinoma may develop de novo from normal mucosa.
Intestinal carcinomas could be differentiated from adenomas in some lectin binding patterns. For WGA, PNA. and DBA binding in the cytoplasm, intestinal carcinomas were significantly less frequently positive than adenomas. In addition, for ConA and UEA-1 binding at the luminal surface, intestinal carcinomas were significantly less frequently positive than adenomas. However, for ConA binding in the cytoplasm, intestinal carcinomas were as frequently positive as adenomas. Compared with normal mucosa there was a decreasing binding of WGA, PNA. and UEA-1 in the intestinal carcinomas and adenomas. From WGA, PNA, and UEA-1 bind- ing patterns in the cytoplasm, adenoma seemed to be closer to normal mucosa than to intestinal carcinoma. These findings support the idea of an adenoma-carcinoma sequence in the stomach, as in the colon (11).
UEA-1 binds to blood type H(0) antigen (lOJ4). In our study, normal and metaplastic gastric surface mucosae did not show significant differences between the blood type A, AB, B group and the 0 group, and intestinal and diffuse-type carcinomas and adenomas did not show any difference between the blood groups. Bur and Franklin (1) also showed that UEA-1 binding of the gastric mucosa does not have any relationship to the patient's blood type. The lack of relationship of UEA-I binding of gastric mucosa to blood type is most probably the result of near-universal expression of H antigen in tissues of all blood types. In other words, H antigen is not confined to people of blood type 0.
DBA binds to blood type A antigen (3). Our study showed that normal gastric surface mucosa of the blood type A and AB group were significantly much more frequently positive than that of the blood type B and 0 group. Pongchairerks et al. (13) also showed specific binding of DBA to normal gastric surface mucosa of the blood type A and AB group.
